Allergies and/or food intolerances are a growing problem of the modern world. Diffi culties associated with the correct diagnosis of food allergies result in the need to classify the factors causing allergies and allergens themselves. Therefore, internet databases and other bioinformatic tools play a special role in deepening knowledge of biologically-important compounds. Internet repositories, as a source of information on different chemical compounds, including those related to allergy and intolerance, are increasingly being used by scientists. Bioinformatic methods play a signifi cant role in biological and medical sciences, and their importance in food science is increasing. This study aimed at presenting selected databases and tools of bioinformatic analysis useful in research on food allergies, allergens (11 databases), epitopes (7 databases), and haptens (2 databases). It also presents examples of the application of computer methods in studies related to allergies.
INTRODUCTION
Allergens are listed as one of the most important risk factors related to the impact of food on the body [ . Food hypersensitivity associated or non-associated with immune mechanisms is called allergy and food intolerance, respectively. The increasing incidence of allergy and/or intolerance is the problem of the modern civilization. Development of allergy and food intolerance is stimulated by environmental factors, such as environmental contamination, as well as predispositions of the organism [Sicherer, 2011] . Factors resulting from the progress of civilization have an impact on the quality of the food consumed. This phenomenon, in turn, results in the emergence of new causes of food allergies and, in consequence, an increase in the number of new allergens. Necessity to classify the causative agents of allergies and allergens themselves is extremely important. This is related to problems associated with the correct diagnosis of food allergies, and very often non-specifi c symptoms of this disease. Information technologies can be applied to extend knowledge about biologically-important compounds. Among them, a special role is played by internet databases, which are repositories of information on, inter alia, compound structure, function, nomenclature, taxonomy, and physicochemical properties [Scalbert et al., 2011] . For this reason, online da-tabases and bioinformatic analysis tools (in silico) cooperating with them are increasingly becoming new research tools and are extensively addressed in many studies [ Sircar et al., 2014] . This trend is also observed in the case of databases related to food allergies and associated with them allergens of different origin. A website approved by the World Health Organization (WHO) and Commission for Allergen Nomenclature of the International Union of Immunological Societies (IUIS), as well as Allergome and AllFam databases are examples of bioinformatic tools that provide information about allergies and food allergens. Bioinformatic analyses (computer-aided) associated with allergenicity of food constituents require the access to reliable and current sources of information on the sequence and structure of known allergens [Brusic et al., 2003 ]. An important issue related to research on allergy is, i.a., the determination of fragments recognized in the structure of the allergenic protein and responsible for inducing immuno-related food hypersensitivity reactions. Such fragments are referred to as epitopes [Arnon & Van Regenmortel, 1992; Wróblewska et al., 2007] .
In addition to information about allergies, allergens and their epitopes, there are internet repositories containing data related to haptens. These are compounds that do not induce an immune response themselves until they form a complex with an immunogenic carrier, for example a protein. Therefore, haptens may play an important role in the immune response against a number of compounds [Goodrow et al., 1990; Singh et al., 2004] .
The aim of the study was to present selected databases and bioinformatic analysis tools useful in research on food allergies, allergens, epitopes, and haptens. The study shows also examples of the application of computer methods in research related to allergies.
DATABASES OF ALLERGENS
Allergome [Mari et al., 2009 ] is a database of allergens, created based on the literature published since the early sixties. These data are continually completed and updated. The Allergome database provides information on allergens that induce the symptoms of many diseases, such as asthma, atopic dermatitis, anaphylaxis, allergy, rhinitis, urticaria, conjunctivitis, as well as data on the sources of allergens. Allergen information shared in the Allergome database is derived from international scientifi c journals and internet resources. The list of allergens stored in the Allergome database includes such information about them as the source of origin (plants or animals), routes of exposure (e.g., digestive tract, direct contact, inhalation), or source of occurrence (pollen, spores, seeds, fruits, venoms, hair, etc.). The Allergome database does not contain compounds that do not cause immunerelated diseases (celiac disease) nor immunoglobulin-E dependent allergy (e.g., drug allergy). This database does not contain information on the substances causing intolerance, including food, or inducing pseudo-allergic reactions. Most allergens present in the Allergome database have a name given in accordance with the nomenclature of the International Union of Immunological Societies (IUIS). The Allergome database is a repository of all allergens available on the IUIS website, as well as those which this organization does not include. Allergome also comprises information on epitopes or peptides of allergenic particles and experimentally determined allergens. Allergenic particles are divided into 273 groups with respect to their biological functions. The Allergome database has several modules, e.g.: RefArray (The Allergome Reference Archive containing all the literature papers processed excluding PubMed citations), ReTiME (The Real Time Monitoring of IgE sensitization to acquire and store real time data), InterAll (the allergy electronic record available for clinical centers and research laboratories), and AllegomeCustomer (useful informative module to patients with food allergy problems). Since 2007, the Allergome database has been interconnected to AllFam database [Radauer et al., 2008] , which includes allergen classifi cations for protein families. The access to and use of the database is free [Mari et al., 2006; 2009] .
Records of allergenic proteins in the UniProt database contain links to records of the same proteins in the Allergome. There is also search engine enabling screening of the database using sequences of short peptides (e.g. identifi ed via sequencing using mass spectrometry). Allergome is very useful in proteomic analyses due to the tools provided, e.g. search option named Allergome Aligner. Proteomic methods, such as mass spectrometry together with sequence alignments, are used in the investigations on food proteins, including allergens [Ahsan et al., 2016; Koeberl et al., 2014; Minkiewicz et al., 2015; Ortea et al., 2016] .
The AllAllergy website is one of the most comprehensive resources of information on allergens and food intolerances available in the internet [Brusic, 2006; Gendel, 2009 ]. It contains a database of allergens and other substances, such as additives and/or preservatives, responsible for allergic or intolerance reactions. Searching the AllAllergy database for compounds of interest is based on the entry of the name of a specifi c allergen or a category to which it is assigned. Classifi cation categories of individual allergens include: additives and preservatives; cereals; drugs; eggs and poultry; fi sh and seafood (e.g., crustaceans); other foods; fruits; grass pollen; insects and their venom; meat, eggs, milk and cheese; mites; molds and bacteria; nuts, seeds and grains; molluscs and crustaceans; spices and herbs; tree pollen; vegetables; and weed pollen [Brusic, 2006; Gendel, 2009] .
The Allergen Online database ] is a separate part of the FARRP website, i.e., the Food Allergy Research and Resource Program. It is systematically updated. The Allergen Online database contains information on allergenic proteins and their potential cross-reactions. The purpose of this database is to evaluate the safety of proteins that can be incorporated into food by genetic engineering or by methods used in food processing. An additional function of this database is the identifi cation of proteins that may be subject to additional tests, such as immunoglobulin E binding (IgE) in serum or histamine release. According to recent data (May 2017), Allergen Online contained 2,035 protein allergen sequences divided into 808 taxa, which comprised experimentally-confi rmed allergenicity and potential allergens. The allergen search process in this database is simple, as it only requires an entry of the analyzed sequence in the form of a query. It, however, needs to be entered in the FASTA format [Pearson, 1988] . An additional database located on the FARRP website is a separate bioinformatic tool allowing to evaluate whether a protein belonging to the same subfamily as wheat gliadins, is similar enough to gluten to be able to induce symptoms typical of celiac disease Siruguri et al., 2015] .
The Allergen Database for Food Safety (ADFS) [Nakamura et al., 2005] is a database providing information on allergenic proteins and allergenic low molecular weight compounds. This database also contains links to other sites, such as allergen databases and bioinformatic tools useful for their analysis [Nakamura et al., 2005] .
The list of allergenic proteins collected in ADFS is based on literature data and resource information from the Allergen Online database. Allergens included in Allergome Online and ADFS databases were subject to verifi cation by experts from the fi eld of allergology. The data on allergens available in ADFS, such as protein sequence or higher order structure, are completed with additional information from online repositories, such as UniProt [The Uniprot Consortium, 2015] . Allergens collated in the Allergen Database for Food Safety can be searched according to the following criteria: alphabetical order, name, category, keywords, protein and epitope sequence, and predicted allergenicity [Nakamura et al., 2005] . In the case of low molecular weight allergenic compounds available in ADFS, their data come from reviews of information about them in the AllAllergy database. Allergenic low molecular weight compounds are searched on the basis of their names (in alphabetical order), keywords, and structure. Currently (May 2017), the ADFS database contains 2,028 allergen sequences, 143 allergen epitopes described in the literature, 128 allergen structures, and 129 allergens binding through sugar residues. In addition, ADFS provides information about registered users and date of the last database update. Although the use of this database is free, it requires user registration [Nakamura et al., 2005] .
The IUIS Allergen Nomenclature is a database dedicated to the nomenclature of allergens approved by the WHO/ IUIS. It was established in 1984 by experts in the fi eld of allergens and their structure and function, as well as specialists representing molecular biology and bioinformatics to develop a nomenclature system of allergens. Responsibility and competence of IUIS rely on maintaining and developing a unique, unambiguous and systematic nomenclature of proteins responsible for the occurrence of allergies. In addition, the IUIS Executive Committee reviews the submissions of new allergens, decides about their nomenclature and assigns the correct nomenclature to them. IUIS Allergen Nomenclature contains information on offi cially recognized and approved allergens. At present (May 2017), this database includes the following categories of organisms along with the number of allergens shown in brackets belonging to a given category: Arthropods (252), Chordates (82), Cnidarians (1), Molluscs (4), Nematodes (18) , Ascomycota (86), Basidiomycota (23) , Zygomycota (2), monocotyledonous plants (97), dicotyledonous plants (292), and coniferous plants (18) . To fi nd information in the database, the name (common or systematic) of the allergen or source of its origin should be used as a query [Radauer et al., 2014] .
The InformAll database, curated by an international team coordinated by prof. E. N. Clare Mills (University of Manchster, UK) and described in a review article by Gendel [2009] , contains data on, inter alia, food ingredients, which may be responsible for allergy induction. Its goal is to provide users the access to the reliable source of information on food allergens of plant and animal origin. This database contains a list of allergens (i.e., allergens assigned to individual organisms, of 84 listed in the database) along with their characteristics consisting of the common and systematic name, the occurrence as well as useful information for persons suffering from allergies [Gendel, 2009] .
The Structural Database of Allergenic Proteins (SDAP) [Ivanciuc et al., 2009 ] is a database of allergenic protein structures integrated with various computational tools that can be helpful in the analysis of allergen structure. This database is an important tool for bioinformatic analysis used to predict cross-reactivity between allergens and IgE binding by food proteins. The SDAP website contains an alphabetical list of allergens. Looking up an allergen in the database is possible by its scientifi c name or origin (scientifi c or common name of an organism, from which the particular allergenic protein is derived), description or type (e.g., pollen of weeds, grasses and trees, dust mites, animals, fungi, insects, food and others). Allergen data search is carried out within all allergens collected in the SDAP website or in the International Union of Immunological Societies database (IUIS). In May 2017, the SDAP database contained 1,526 allergens. In addition, SDAP contains 1,312 protein sequences, 458 three-dimensional allergen models, and 29 allergens with IgE epitopes responsible for allergy development.
The BIOPEP database was established at the Department of Food Biochemistry at the Faculty of Food Science, UWM in Olsztyn. It contains four databases integrated with each other: proteins (different origins), biologically-active peptides, sensory peptides and amino acids, and allergenic proteins with their epitopes. Information concerning the allergenic proteins is available under the tab "Allergenic proteins and their epitopes" [Dziuba et al., 2013] . Each of the protein stored therein is described by its name, identifi cation number, source of origin, number of amino acid residues in the protein and its structure, monoisotopic and chemical mass. Literature sources on allergenic proteins and references to other online databases complete the information on allergenic proteins. The BIOPEP database, in addition to the structure of allergenic proteins (amino acid sequence), contains also structures of known epitopes determined experimentally and by in silico methods (tab: "Additional information"). The location of the epitope in the polypeptide chain of allergenic proteins is provided as well. According to recent data (May 2017), the BIOPEP database includes a total of 135 amino acid sequences of allergenic proteins and their epitopes, if known [Dziuba et al., 2013] . The database also provides annotations concerning the occurrence of linear epitopes in more than one protein. This is a commonly occurring phenomenon [Minkiewicz et al., 2015] . The database also enables performing calculations, such as epitope profi les, i.e., determining the location of epitopes in a protein sequence, known as in silico epitope mapping [Leung et al., 2014] . The database may be suitable for the determination of epitope profi les for potential allergens belonging to families grouping proteins with amino acid sequences containing many common fragments such as caseins [Erhardt et al., 2016] , tropomyosins [Marti et al., 2007] or prolamins [Minkiewicz et al., 2015] . For protein families with highly variable sequences such as fi sh parvalbumins [Carrera et al., 2006] , the analysis of common epitopes in silico using the BIOPEP database may provide no results.
AllFam [Radauer et al., 2008 ] is a database of allergen families. Their classifi cation and affi liation to a particular family of proteins is based on information present in the Allergome [Mari et al., 2006 [Mari et al., , 2009 and Pfam databases (http:// pfam.sanger.ac.uk/) [Finn et al., 2010] . AllFam contains information about proteins, which allergenicity was confi rmed experimentally (e.g., proteins binding human IgE), but provide no information on allergens with undefi ned route of exposure [Radauer et al., 2008] .
The AllFam database can be helpful in analyzing allergies with respect to searching allergens that cause cross reactions [Radauer et al., 2008] .
AllerBase is another repository of information on allergens [Kadam et al., 2016] . This database provides comprehensive information on allergens from different sources with experimentally-confi rmed allergenicity. It also contains much additional information, such as data on IgE epitopes, experimental allergen validation (tests), cross-reactivity. Currently (May 2017), AllerBase contains data on 2,340 allergens. Important elements of this database are tools allowing to visualize allergen structure and the so-called index of completeness, which indicates the availability of data for an allergen, e.g., concerning its experimental validation. This database also contains links to other databases devoted to allergens, e.g., Allergome, AllFam or IUIS. Searching for information about the allergen is possible based on its name, type of the source organism, and presence in food. It is also possible to search for different isoforms of particular allergens, IgE epitopes, antibodies or allergen cross-reactions [Kadam et al., 2016] .
Information concerning the allergenic food proteins can also be found in the UniProt database [The Uniprot Consortium 2015]. The list of allergens comprises those that are related to IgE-dependent allergies [King et al., 1994 ]. Each allergen is described according to the specifi c IUIS nomenclature. The source of origin and the Uniprot database number of the allergen are also assigned in addition to its symbol. In the case when the names of two allergens are identical, then extra characters are added to discriminate between them (one or more). According to the data of May 2017, the UniProt/ Swiss-Prot database dedicated to allergens contained 435 allergenic sequences.
Databases of allergens, epitopes, and haptens described in this work are shown in Table 1 .
DATABASES OF EPITOPES AND HAPTENS
B-cell and T-cell lymphocytes are important in the human immune system. Recognizing antigen epitopes is the function of B-cells. In some cases, T-cells play an important role in cellular immunity through the mediation of antigenic peptides interacting with T-cells. An antigen is a protein molecule, which is not presented to immune cells as a whole, particularly to B-and T-cells. It is converted to antigenic peptides, which in turn have the ability to stimulate the host's immune system. An epitope (antigenic determinant) is part of the antigen recognized by a specifi c receptor of the immune system [Gołąb et al., 2010] . Due to the important role of antigens in the human immune system, databases dedicated to epitopes are becoming important bioinformatic tools in the characterization of allergen fragments.
Haptens play an important role in many processes, including immune response induced by drugs, endogenous compounds (in the case of autoimmune diseases), or allergies against xenobiotics. They are compounds which do not induce an immune response themselves until they form an immunogenic complex with a carrier. Most carriers are secretory proteins or cell surface proteins, and certain polymers. A hapten and a carrier may bind with each other through covalent or non-covalent bonds [Shreder, 2000] .
The Immune Epitope Database (IEDB) [Vita et al., 2015 ] is a database containing information on the relationships between antibodies and T-cell epitopes of humans, other primates, rodents and other animals. Currently (May 2017), IEDB contains information on 296,970 peptide epitopes, 2,503 non-peptide epitopes, 318,176 T-cells, 393,026 B-cells, and 597,727 ligands of MHC molecules (Major Histocompatibility Complex). The number of individual epitopes and other data available in IEDB are constantly updated. Searching for information is based on parameters entered by the user that include: epitope structure, source of origin, type of immune disease, and immune response recognition [Vita et al., 2015] The Structural Epitope Database (SEDB) collects data on the three-dimensional structure of epitopes and information about the intermolecular interactions between the antigen and antibody. SEDB contains epitopes defi ned as: linear epitopes (419), non-linear epitopes (126), B-cell epitopes (272), T-cell epitopes (49) , and epitopes binding MHC molecules (299). Their current number is provided in parentheses (May 2017). Epitopes may be searched in the SEDB based on the following information: keywords, ID number in the PDB database, sequence, author's name or study title on this subject (reference publications). The latest version of the SEDB database also contains immunogenic epitopes, the three-dimensional structure of which is stored in the PDB database [Sharma et al., 2012] .
The B-CELL Epitope Interaction Database (BEID) is a database of interactions of B-cells and epitopes [Tong et al., 2008] . It comprises structures of antigen-immunoglobulin (Ig) type complexes and their characteristics. BEID is supplemented with data from the Protein Data Bank (PDB), which are then verifi ed in terms of formation of the appropriate antigen-immunoglobulin complex interactions. Currently (May 2017), the BEID database contains structures of 164 antigens, 126 immunoglobulins, and 189 antigenimmunoglobulin interaction complexes. Searching the data in the BEID database can be performed based on the information regarding the antigen-antibody complex and such parameters as: the origin of a particular antibody, its name, antibody isotope (e.g. IgE), ligand name and category. It is also possible to search for information based on the data from the PDB (i.e., number, type of ligand), as well as the simultaneous search for information based on several of the above categories [Tong et al., 2008] .
Bcipep [Saha et al., 2005 ] is a library of peptides playing a role in humoral immunity of the organism. The database contains 3,031 peptide sequences (May 2017). Peptides stored in the Bcipep database are characterized by different immunogenicity. Information about peptides in the Bcipep database helps to improve methods for prediction of B-cell epitopes, production of synthetic vaccines, and diagnostics of many diseases. Peptides described in this database induce the production of antibodies that bind to the antigen and are responsible for body defense. The database provides the user with information regarding the following: immunogenic peptide sequences given in the form of a single letter code, source protein from which the antigenic peptide is derived, antigenic peptide position in a protein sequence, and a pathogen group to which the source protein or an antigen belongs. Searching peptides collected in Bcipep can be done on the basis of their amino acid sequences. There is a possibility to expand the results of the query by the following categories of information about the peptides: source of origin, immunogenicity, which is a measure of immunogenic peptide activity, antigen structure, produced monoclonal or specifi c antibodies, type of model organism (e.g. mice used for the analysis of immu-nogenic properties of a peptide), and experimental methods used to determine the immunogenic properties of a peptide. Propepper [Juhász et al., 2015 ] is a database of protein epitopes, mainly prolamins of cereals and peptides. Information related to these compounds is particularly useful for users, whose interests are focused on protein chemistry, proteomics, mass spectrometry, and the development of methods applicable in, e.g., food science. Currently (May 2017), Propepper contains 2,484 sequences of proteins, 37,914 peptides, 833 epitopes, 94,924 records for protein-epitope complexes, 119,069 records on the peptide-epitope matching, and 667,402 records containing data concerning digestion in protein-peptide combination. Each protein sequence in Propepper is characterized using information, such as ID number in UniProt and GenBank databases, protein sequence and its chain length, type of protein, genotype, and genome. The tab containing information on a protein-epitope complex provides additional information on the type of antibody, name of source organism and epitope sequence, location in the amino acid sequence, type of induced disease (e.g., celiac disease, allergy), while the tab concerning the digestion includes information on the type of the enzyme and the se- Includes citations of all subbases of BIOPEP (allergenic proteins, bioactive peptides and sensory peptides).
quence of the released peptide. The Propepper database contains also graphs illustrating the number of proteins or peptides in the database in relation to the length of the amino acid sequence, source organism, type of the manifesting disease, and enzyme used causing peptide release (digestion process). Based on the analysis of sequence frequency graphs, it can be observed that most of the proteins found in this database were present in wheat. Moreover, the highest number of epitopes originating from wheat cause celiac disease. Additionally, low-specifi city chymotrypsin turned out to be the most effi cient enzyme releasing the products of proteolysis [Juhász et al., 2015] . The next database concerning epitopes is AntiJen [Blythe et al., 2002; McSparron et al., 2003] . It was elaborated at the Faculty of Pharmacy, Medical University of Sofi a, and provides information on the B and T Cell epitopes, MHC ligand, TAP as well as immunological protein-protein interactions. This database includes Peptide Library, Copy Numbers, and Diffusion Coeffi cient data. All data found in AntiJen is derived from the experimental study publishing sources. The AntiJen contains 24,000 entries (May 2017). Searching the database for compounds of interest is based on the quick search (keyword search) or full search, e.g., search for the epitope strings containing variable amino acid positions, the specifi c amino acid which are requested in any epitope string.
All the above-described epitope databases contain also sequences that are fragments of allergenic proteins derived from food.
HaptenDB is one of the databases containing information on haptens and their carriers [Singh et al., 2006] . HaptenDB is also a database providing information on raising antibodies against a particular group of haptens, specifi city and crossreactivity of antibodies with related haptens, and the use of antibodies in constructing cost-effective and simple kits to detect them. Haptens present in HaptenDB include: vitamins, drugs, steroids, herbicides, pesticides, insecticides, hormones, dyes, toxins, explosives etc. The database includes 2,021 (May 2017) records containing information on antibodies or their cross-reactions in relation to one hapten. HaptenDB contains data on 1,087 haptens. These data include information about common and chemical name, molecular weight, physical and chemical properties, biological signifi cance, and structure of haptens. One of the tools associated with HaptenDB is a search engine for hapten structure similarities. A prerequisite to search for hapten structures on the basis of similarity is a requirement to provide their chemical structure in Molfi le (.mol) or Protein Data Bank (.pdb) format [Singh et al., 2006] .
HaptenDB consists of the following subdatabases (the type of information related to a group of compounds assigned to the appropriate subdatabase is given in parentheses [Singh et al., 2006] ):
-haptens (including hapten name, physical properties, molecular weight, toxicity, application, biological activity, chemical structure); -antibodies (including hapten name, carrier name, conjugation method, antibody name); -carriers (carrier name, carrier characteristics, sequence, physical characteristics); -tools facilitating the search (keywords, search using the structure, overview by the name of haptens, carriers, antibodies); -links to other websites (links to journals, links to databases). SuperHapten is another database describing haptens [Gűnther et al., 2007] that contains information about immunogenic compounds. The chemical compounds stored in the SuperHapten database are divided into the following groups: halogen derivatives (2032), pesticides (227), herbicides (97), fungicides (43) , insecticides (66) , contact allergens (195), drugs (392), and natural compounds (1397). The current number of these groups (May 2017) in SuperHapten is provided in parentheses. In total, this database contains 7,257 haptens and allows searching for compounds stored in it, according to the following criteria: keywords, structure, and similarity. It also offers additional information on antibodies, carriers, and their defi nitions. The website provides also statistics on the use of the database and links to other sites related to antibodies, access to public library resources and other databases [Gűnther et al., 2007] .
Internet repositories, as a source of information on different chemical compounds, including those related to allergy and intolerance, are increasingly being used by scientists. It is evidenced by the growing number of their citations on bibliometric pages, such as: Web of Science (https://apps. webofknowledge.com/), Scopus (https://www.scopus.com/ home.uri), and Google Scholar (https://scholar.google.pl/). This trend also applies to citations of databases and bioinformatic tools dedicated to allergies. De la Iglesia and coworkers [2013] have presented number of citations in Web of Science for particular databases. More recent publications, concerning various areas of science, e.g., biomedical sciences, recommend application of all three resources [Harzing & Alkangas, 2016 , Trapp, 2016 . The data on this subject are summarized in Table 1 . The number of citations related to the individual databases of allergen epitopes, haptens and computer programs dedicated to the analysis of these compounds was obtained using the following queries: name of a bioinformatic tool (database or program) and the word allergen/epitope/hapten. The keywords entered are provided in all search fi elds. Methods of data mining according to different criteria depending on the database used are summarized in Table 2 . The number of citations of particular bioinformatic tools (Table 1) varies depending on the database used, i.e., Web of Science, Scopus, or Google Scholar. The number of citations depends also on the time of database existence. New databases such as ProPepper or AllerBase, described in 2015 and 2016 respectively, possess less citations than the older ones. A small number of citations of any databases in Web of Science is probably caused by the fact that this resource indicates only citations in a limited number of selected journals. Scopus provides much more citations due to the fact that it summarizes much more resources (journals, books and book chapters) than the Web of Science does. For instance Scopus, provided by the Elsevier, indicates all publications of this publisher, whereas the Web of Science -only part of them. Both above databases offer similar search options allowing users to fi nd da-tabase name in the title, keywords, abstracts or titles of references. Scopus and Web of Science are designed to indicate and document scientifi c publications. Google Scholar indicates more journals and books than Web of Science and Scopus and some categories of resources omitted by the two latter repositories. It takes into account for instance student's diploma theses uploaded in the Internet. Such dissemination of results is practiced by many universities in the world. Google Scholar provides an opportunity to fi nd information about databases not only in strictly scientifi c publications but also in texts aimed at education or popularization of knowledge concerning allergies and allergens. Thousands of citations of the InformAll database in Google Scholar suggest that this database is broadly exploited not only for scientifi c purposes but also for education and popularization of knowledge. On the other hand, some search results concerning this database may be false positive. Google Scholar displays also texts containing word "informal" or phrase "inform all", similar to the name "InformAll". Search engines of Scopus and Web of Science accept only exact matching of words and allow avoid such mistakes. The number of citations of BIOPEP is also overestimated in all three databases as mentioned in the footnote to Table 1 .
In 4 out of 11 allergen databases (Table 2) , it is possible to search for information on the allergen on the basis of its name, sequence and, sequence similarity. As regards hapten databases, it is possible to search for individual compounds by their name or structure similarity.
SELECTED EXAMPLES OF THE USE OF DATABASES AND BIOINFORMATIC TOOLS IN THE RESEARCH ON ALLERGIES AND EDUCATION
One of the primary objectives of bioinformatic analysis in the fi eld of research related to allergy and allergens is to identify protein sequences that exhibit suffi cient similarity to allergens or have the potential to cause cross-reactions. According to this view, Goodman & Wise [2006] compared the sequences of proteins of rice variety Golden Rice 2 to data stored in the Allergen Online database. This way, they attempted to answer the question whether the analyzed protein sequences may be a potential source of known and previ- Hapten search is based on its name or ID number in the database. It is also possible to use a similar structure search option, e.g., on the basis of hapten chemical structure, the use of molecule editor, i.e., Chime, MView [Ertl, 2010] . Proteins that are hapten carriers can be searched based on the amino acid sequence.
ously described allergens or cause cross-reactions in people who are potential consumers of products that contain Golden Rice 2. Based on the applied criteria of sequence similarity (E similarity coeffi cient <1×10 -7 and sequence identity above 50%), no structural similarities were found between the query sequences (Golden Rice 2) and a set of proteins with known allergenic properties collected in the Allergen Online database Goodman & Wise, 2006] .
The data contained in the SDAP database were used to analyze the evolutionary similarity between profi lins of different plant species. Profi lins are proteins commonly occurring in nature with a different allergenic potential primarily associated with pollen allergy. People with hay fever may also exhibit symptoms of oral allergy syndrome (OAS) after the consumption of raw vegetable foods (e.g., fruits and/or vegetables). The results in the form of a taxonomic tree obtained on the basis of the data from the SDAP database showed profi lins to exhibit the evolutionary similarity to sequences of bananas, melons, pineapples, sunfl owers, tomatoes, celery, almonds, pears, apples, and kiwi [García & Lizaso, 2011] . The SDAP database was used to search for fragments with a sequence similar to soy protein epitopes in the sequences of other food proteins [Saeed et al., 2016] . Dziuba et al., [2013] used the BIOPEP database of allergenic proteins and their epitopes and associated bioinformatic tools to identify potential biomarkers present in allergenic proteins. Sequencing fragments originating from milk proteins, egg white, wheat and peanuts were proposed as biomarkers. The study used data stored in multiple databases, including allergens such as: Allergen Online, AllFam, Allergome, BIOPEP and other. The analysis included computer simulation of hydrolysis of more than 40 food proteins of known allergenicity and subsequent search among the proposed biomarkers of resulting products of proteolysis [Dziuba et al., 2013] . Genotyping of biomarkers of allergenic proteins derived from fi sh protein was another example of the use of bioinformatic tools available in BIOPEP. The study showed that carp and herring proteins had fragments that could serve as markers common to more than one species. The same peptides were hydrolysis products of carp proteins with known sequences and herring proteins, which sequences have not yet been identifi ed. Such peptides may be markers characteristic of protein families, but not for individual sequences ].
Tapal and co-workers, [2016] used the BIOPEP database of allergenic proteins and their epitopes. Queries consisted of peptide sequences identifi ed in the protein proteolysis products of oil palm Elaeis guineensis var. Tenera using mass spectrometry. The identifi ed peptides did not contain fragments identical to known epitopes in the BIOPEP database.
The Allergome database was the source of the data that was used to fi nd characteristic motifs related to cross-reactions between allergens in amino acid sequences of allergenic proteins (including food proteins) [Pfi ffner et al., 2010] . According to the defi nition of Liu et al. [2008] , a motif is a reproducible pattern present in the amino acid sequences of proteins, associated with a particular biological activity.
Garino et al. [2016] used bioinformatic tools to study the potential allergenicity of lipid transport proteins. Part of the proteins of this family, including those derived from the raw materials used in the production of food, have not been so far experimentally tested for allergenic properties. One of the algorithms used to assess the potential allergenicity was the analysis of sequence similarity of the studied proteins and previously known allergens belonging to the same family. Data on lipid transport proteins, formerly known as allergens, was derived from the Allergome database. The study showed that each of the 28 analyzed protein sequences of different origin can be treated as a potentially allergenic protein.
Bioinformatic tools, including databases, have recently been increasingly used in education, especially in the fi eld of biological and medical sciences [Atwood et al., 2015 ; Brazas & Ouelette, 2016; Minkiewicz et al., 2016] . The popularity of databases and computer programs in education in the agricultural sciences, including food science, is much lower than in the fi elds mentioned above, an example of which may be the statistics on the interests of participants of online bioinformatic courses [Ding et al., 2014] . Nevertheless, the importance of bioinformatic methods in food science is increasing [Holton et al., 2013] , and, therefore, their spread can be expected also in the education in this fi eld. An example of the use of the database of allergenic proteins in the education of students is an exercise introduced in 2014 at the Biochemistry course in: "Food Science and Human Nutrition" and "Science of Commodities" specializations at the Department of Food Science, University of Warmia and Mazury in Olsztyn, Poland.
Protein sequences used in the exercise were derived from the UniProt database (http://www.uniprot.org/) [UniProt Consortium, 2015] . A class instructor assigns to students sequences of known allergens, whose properties have been confi rmed experimentally on the basis of the criteria recommended by IUIS [Breiteneder & Chapman, 2014] . The sequences are analyzed by the students using the AlgPred program [Saha & Raghava, 2006] , designed to predict the allergenicity of proteins. The program is based on fi ve algorithms predicting the allergenicity, i.e.: search for fragments identical with known epitopes (so-called in silico epitope mapping), search for motifs characteristic of allergens, assessment of the potential allergenicity based on amino acid composition, assessment of the potential allergenicity based on dipeptide composition, and the evaluation of the similarity of protein sequence fragments to peptides representative of allergens. The results are verifi ed on the basis of information found in the Allergome database, because it contains the results of experimental studies on allergens. Students can use text search options (e.g., protein name, organism name from which the protein is derived) or a search based on the amino acid sequence using the "Allergome Aligner" option. Finding the compound in the Allergome database with the annotation that the allergen has been experimentally analyzed and registered by IUIS confi rms the results of in silico prediction indicating that the specifi ed protein is a potential allergen. Some of the algorithms offered by the AlgPred program can provide false negative results. The exercise, in addition to familiarizing students with examples of bioinformatic tools used in the fi eld of immunology, also teaches criticism in relation to the obtained results. Excessive optimism in the interpreta-tion of the results obtained using in silico methods is also perceived as a problem in scientifi c research [Boulesteix, 2010 [Boulesteix, , 2015 . Discrepancies in the results of allergenicity predictions obtained using different algorithms appear also in scientifi c research [Gowthaman & Agrewala, 2008 ]. An example may be the results of the in silico analysis on the allergenicity of proteins transporting lipids published by Garino et al. [2016] . These authors used, among others, the AlgPred program, and the reliability assessment of the results was conducted using the amino acid sequences of known allergens.
The presented examples of practical use of the information contained in the internet repositories related to the broadly defi ned allergy are not exhaustive. The databases are constantly updated, which is associated with the deepening of knowledge in the allergy fi eld. The presented examples of the use of in silico tools for analysis of the problems related to allergies suggest that research carried out this way can be used to assess the quality and safety of food. One of the advantages of databases is their commonness and accessibility also for people struggling with the symptoms of allergies. Thanks to the information contained in databases, users can expand their knowledge on the ingredients that should be eliminated from their diet [Sicherer et al., 2015] .
Scientifi c interest in broadly defi ned bioinformatic analysis inspires the development of new programs useful in knowledge extension, also on regarding allergies. An example is an increasing number of in silico tools updated and shared under the link: "Immunology of proteins and peptides" available in the "Useful links" tab of the BIOPEP database [Minkiewicz et al., 2009] and in the OmicTools database (http://omictools. com/immunology-category) [Henry et al., 2014] .
CONCLUSIONS
Today, the databases and computer programs are often applied in the research on bioinformatics analysis of molecules. Bioinformatic tools are also useful in the fi eld of allergology. The computer-aided methods and information provided in databases are an essential part of research on allergens and mainly their epitopes. Online databases provide an easier access to a range of information on the structure and properties of proteins and their fragments that may be responsible for the occurrence of hypersensitivity reactions. The use of internet data repositories may be suitable for developing new vaccines. This is related to the potential allergenicity of the molecule sequence analysis or epitope structure prediction. Determination of the structure of epitopes and their location in the peptide sequence of a protein is also important in food research. The identifi cation of such fragments can enrich the knowledge about the immune-mediated hypersensitivity reactions and be useful to people tackling with this problem.
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